Aim: The aim of this study was to investigate the possible effects of pre-exercise single dose arginine ingestion on plasma amino acid profile during incremental exercise to exhaustion. Methods: Ten volunteer elite male wrestlers (age: 24.7±3.8) participated in this study. Testretest protocol was done on the same subjects. Exercise protocol started at 90 watts on bicycle ergometry and the load was increased 30 watts in every 3 min till the exhaustion. Arginine (1.5gr/10 kg body weight) or placebo were given to the subjects after 12 h fasting (during the night) and venous blood samples were collected 1 h after the supplementation (right before exercise protocol) and right after the exercise protocol for both test and retest. Plasma amino acid profiles were determined by HPLC. Results: Pre-and post-exercise arginine, ornithine and citrulline concentrations were significantly higher in arginine vs. placebo trial (p<0.05). Glutamine, tyrosine, methionine, phenylalanine, isoleucine and leucine concentrations increased following exercise only in arginine trial (p<0.05). Citrulline and tryptophan levels decreased while alanine levels increased after exercise in both trials (p<0.05). There was an increase following exhaustive exercise in total branched chain amino acid concentrations in arginine trial (p<0.05) whereas there is no significant change in placebo trial. Total amino acid concentrations were increased with exercise in both trials but post-exercise concentrations was higher in arginine trial compared to placebo trial (p<0.05).
Introduction
Dietary supplements containing arginine, a semiessential amino acid, are one of the latest ergogenic aids intended to enhance strength, power and muscle recovery associated with both aerobic and resistance exercise [1] . It appears that there is an increasing interest in arginine-based supplements, and, therefore, more knowledge about its effects in healthy physically active subjects is needed [1] . Arginine administration has been claimed to promote an increase in blood perfusion in the active muscle [2] , increasing substrates necessary for improving muscular recovery and protein synthesis during and/or after exercise. It also promotes greater removal of metabolites, such as lactate and ammonia [3] , which are related to muscle fatigue during intense physical exercise. Review analysis [4] of the effect of both oral and intravenous arginine administration on metabolism at rest and during exercise emphasized that arginine supplementation appears to improve exercise capacity in individuals with cardiovascular disease, but had little impact on aerobic exercise capacity in healthy individuals [4] ; while a very recent review claims that there is no clear evidence that arginine supplementation increases the performance regardless of the aerobic or anaerobic nature of the exercise and it is still premature to recommend dietary supplements containing arginine as an ergogenic aid for healthy physically active subjects [1] . There were only five acute studies retrieved from the literature that evaluated exercise performance after arginine supplementation [5] [6] [7] [8] [9] , three of which reported significant improvements [5, 6, 9] . Arginine is the only substrate for endogenous synthesis of nitric oxide (NO). The acute effects of arginine supplementation supposedly promote vasodilatation due to enhanced NO synthesis in the active muscle during exercise and may increase the delivery and uptake of fuel substrates in the skeletal muscle [10] . Arginine is a potent stimulator of glucagon secretion at rest as well as during exercise [11] . Glucagon in turn stimulates gluconeogenesis in the liver by increasing the uptake of gluconeogenetic precursors into the liver. This could change plasma concentrations of some amino acids during exercise [12] . Free amino acids are metabolically important during exercise because they provide tricarboxylic acid (TCA) cycle intermediates which can be used as source of energy and have important functions in ammonia metabolism [13] .
Studies in athletes have shown that intensive exercise causes a net rate of protein degradation in the muscle, which results in changes in their amino acid content and their release into the blood [14] . This net protein degradation could be modified by ingestion of amino acid mixtures or whey protein [15, 16] . Generally, blood amino acid changes during exercise are described after prolonged and intense exercise protocols [17] [18] [19] . However, there is only one study showing the changes during intense short exercise protocol to exhaustion [20] .
Although it has been shown that chronic arginine aspartate supplementation changes the plasma amino acid concentrations at rest and during a marathon run [12] , to our knowledge, this is the first report in the literature examining the effect of pre-exercise arginine ingestion on plasma amino acid profile during the high intensity incremental exercise to exhaustion in elite athletes. The aim of this study is to investigate the possible effects of pre-exercise arginine ingestion on plasma amino acid profile during incremental exercise to exhaustion.
Materials and methods

Subjects
Ten male national and international level wrestlers joined to the study. Key exclusion criteria included consuming any nutritional supplement in the last 2 months, smoking, a history of coronary heart disease, or any prior or current medical problems that would limit the subject's physical performance. The participants were apparently healthy and free of any significant medical problems. They were also not taking any medications during the time of the study. Written informed consent was obtained from each subject, and the study protocol was approved by the Human Ethics Committee of Hacettepe University, Ankara, Turkey 
Study design
The study was carried out according to a crossover design and lasted two weeks including a washout period of one week. The athletes performed an incremental bicycle ergometer test to exhaustion. Half of the athletes ingested the placebo before the first, and the other half before the second exercise protocol (testretest protocol). The athletes followed their habitual eating and training patterns during the whole study. The subjects were advised to eat qualitatively the same carbohydrate-rich meals for dinner the day before the test and not to eat during the night (overnight fasting). Caffeine, alcohol, and dairy products were not allowed in the evening before the testing day. No physical activity was allowed the day prior to the test. All exercises were done in the same laboratory and same temperature and humidity conditions. Water intake was not allowed during the exercise protocol. The washout period for arginine used in the literature changes as 4 days [7] , 7 days [12, 21, 22 ] and 10 days [23] in different studies. In this study, subject was randomly assigned to arginine or placebo trial separated by a week of washout period. Arginine trial consumed 1.5 g/10 kg body weight arginine capsules (General Nutrition, Pittsburgh, PA, USA) after an overnight fast and waited for sixty minutes for the arginine peak in plasma [24] . Placebo trial consumed equal number of capsules containing starch.
Exercise protocol
Subjects started to warm up at 60 rpm on a Monark cycle ergometer (894E, Monark, Varberg, Sweden) without any load and after 3 min, exercise protocol started at 90 watts and the load was increased 30 watts in every 3 min. Subjects were ask to maintain 60 rpm during the whole protocol. Exercise was continued till the subjects cannot go on cycling 60 rpm at the desired working loads or the subjects wanted to stop. Exercise protocol was modified from classical incremental exercise protocol [25] and was quite similar with the protocols used in the related literature [20, 26] . The protocol was tested with two national level wrestlers who are not involved in this study before starting the actual study and the protocol was seen as appropriate for the subjects.
Blood collection
Blood samples were collected into 12 × 2 mL lithium heparin tubes (Vacutainer, Becton Dickinson, Franklin Lakes, New Jersey, USA) using a 21-gauge needle and vacutainer system from antecubital vein by a medical doctor. Samples were taken 60 min after the arginine or placebo ingestion (right before the exercise protocol) and right after the exercise protocol. The tubes were centrifuged at 3000 rpm for 10 min and the plasma immediately separated and stored at -80°C.
Plasma amino acid analysis
Subsequently, following thawing, plasma amino acids were extracted with ethanol, and then derivatized with AccQFluor (Waters, Milford, MA). Amino acid concentrations were then determined by reverse-phase high performance liquid chromatography (HPLC; Shimadzu corporation, Kyoto, Japan) with UV (250 nm) and fluorescence (excitation 250 nm, emission 395 nm) detection, using a method modified from van Wandelen and Cohen [27] .
Statistics
Data in text and tables are presented as mean and 95%confidence interval of the mean. We compared the amino acid data after versus before exercise using the paired t test. The statistical comparison of the ratios between placebo and arginine trials was also made using the paired t test. The level of significance was set at p <0.05.
Results
Effects of arginine supplementation on the plasma amino acid concentrations were measured before and after incremental exercise to exhaustion of ten elite male wrestlers; the age, height, and weight means of the subjects were as follows; 24.7 ±3.8 years, 174.2 ±5.2 cm, and 80.4 ±4.1 kg. Exercise protocol lasted approximately 23 min. Incremental exercise to exhaustion and arginine supplementation together and separately induced significant alterations in plasma amino acid concentrations ( Table 1) .
The plasma concentrations of aspartate, glutamate, asparagine, serine, histidine, glysine, threonine, valine, and cystine were not affected neither by arginine supplementation, nor exercise to exhaustion. Although there was no change with exercise in placebo trial, the plasma concentrations of glutamine, tyrosine, methionine, phenylalanine, leucine, and isoleucine found significantly higher following exercise in arginine trial (p <0.05) ( Table 1 ). Figure 1 displays the plasma concentrations of pre-and post-exercise arginine, ornithine, and citrulline for placebo and arginine trials. Pre-and post-exercise concentrations of arginine and ornithine were found higher in arginine trial compared to placebo trial (p <0.05), but not changed with exercise in neither trial (p >0.05). The pre-and postexercise concentrations of citrulline were significantly higher with arginine supplementation (p <0.05) whereas exercise decreased the citrulline concentrations in both arginine and placebo trials (p <0.05) (Figure 1 ). Figure  2 displays the pre-and post-exercise concentrations of tryptophan and alanine of placebo and arginine trials. The pre-or post-exercise concentrations of tryptophan and alanine were not affected by arginine supplementation (p >0.05) but the plasma concentration of tryptophan decreased (p <0.05), whereas alanine concentrations increased following exercise in both trials (p <0.05) ( Figure  2) . Figure 3 shows pre-and post-exercise total BCAA and total amino acid concentrations for arginine and placebo trials. Although total BCAA concentrations did not significantly change following exercise in placebo trial (p >0.05), there was an increase in arginine trial (p <0.05). Total amino acid concentrations significantly increased following exercise in both placebo and arginine trials (p <0.05), but post-exercise total amino acid concentration was higher in arginine trial compared to placebo trial (p <0.05) (Figure 3 ).
Discussion
The effect of a single-dose supplementation with arginine on plasma amino acid profile was investigated during an incremental exercise bout to exhaustion. For the first time the total plasma amino acid response to such a supplementation and exhaustive exercise is reported. Besides a marked increase of circulating plasma arginine, many changes in the analyzed plasma amino acids were observed with the supplement.
It is obviously not possible to conclude from the present results if and to which extent the observed changes of the analyzed plasma amino acids affects the amino acid metabolism. However, an excessive supply with several grams of single amino acids, as is the case when supplementing single amino acids or peptides, can cause a large disproportion of the amino acid content of the regular diet [12] .
Supplementation with single dose arginine prior to maximal exercise to fatigue we observed significant changes in plasma amino acid profile. It is clear that the cause of fatigue is complex, influenced by events occurring in both the periphery and the central nervous system [28] . The central fatigue hypothesis is a theory based on the observation that exercise promotes an increase in plasma free fatty acids and a decrease in plasma large neutral amino acids such as leucine, methionine, valine, phenylalanine and tyrosine due to uptake by skeletal muscle. As both conditions favor more tryptophan entering the CNS, increased production of brain serotonin might be expected and this could account for the decreased motor drive and increased sensation of fatigue, experienced after a period of strenuous exercise [29] . We observed significant increase in plasma concentrations of all these large neutral amino acids except for valine (it also increased but not statistically significant, probably because of low number of subjects) in arginine trial comparing to placebo trial. This change in amino acid profile may be in favor of delaying the central fatigue. It is also known that blood BCAA (branched chain amino acids -valine, leucine, and isoleucine) and free tryptophan compete for transport through the blood-brain barrier because they are carried by the same transport system [30] . The plasma BCAA increase produced by arginine administration may attenuate the feeling of fatigue. A similar increase in total BCAA was also obtained with ornithine (amino acid synthesized from arginine) supplementation in a recent study [31] .
During short-term exercise, the BCAAs in plasma were found to be slightly increased (10 %) [32] , decreased (-20%) [33] or unchanged [34] during the exercise period. After prolonged exhaustive exercise, serum BCAA levels have been shown to decrease 22%from values before exercise, whereas serum levels of free tryptophan increased by 74% [35] . It has also been reported that plasma BCAA levels decreased by 19%, whereas free tryptophan plasma levels increased by 15-17%after sustained exercise [36] . Tryptophan concentrations decreased following exercise in both arginine and placebo trials in our study and it is probably because of the different nature (short lasting, very high intensity) of the exercise protocol we used. The competition between tryptophan and BCAA for transport through the bloodbrain barrier can be important for central fatigue during prolonged exercise but it may not have same effect for short-term exhaustive exercise.
The amino acid predominantly involved in energy metabolic processes is alanine along with the branched-chain amino acids (BCAA). During exercise, alanine is, among other tissue, synthesized in muscle from other amino acids or by transamination of pyruvate derived from [29] . Muscle protein turnover increases during strenuous physical activity [37] and exercise produces an approximately two-to threefold increase in the flux of alanine into the bloodstream [38] . During maximal exercise until fatigue, both alanine and glucose present high levels in blood, probably indicating an important operation of glucosealanine cycle [20] . We also found significant increase in alanine concentrations following exercise in both trials but there was no significant effect of arginine supplementation on alanine concentrations.
We found higher pre-and post-exercise concentrations of citrulline in arginine trial and citrulline concentrations decreased following exercise in both groups. Arginine is converted into citrulline and nitric oxide (NO) by nitric oxide synthase (NOS). Since arginine is the only substrate for NOS, an increase in citrulline also means increase in NO. We did not observe exercise induced increase in citrulline reported in previous studies [7, 39] Schaefer et al. [40] observed substantially higher concentrations of L-citrulline with intravenous L-arginine hydrochloride during incremental cycle ergometer exercise. Bailey et al [5] observed an increase in NO with oral arginine supplementation whereas Liu et al. [7] showed no differences neither in citrulline nor in NO between arginine and placebo trials during exercise in judo athletes. This variety of the citrulline concentrations can be the result of different exercise intensity, time or the different way of arginine administrations. Ornithine, another direct product of arginine and an intermediate of the urea cycle, was significantly elevated after the supplementation in our study. Similar increases in ornithine concentrations were shown with chronic [12] and short term supplementation with arginine [7] .
Total AA concentrations were increased following exercise in both trails and this could be resulted from hemoconcentration but still pre-and post-exercise total AA concentrations were significantly higher in arginine trial. So this can be thought as the effect of arginine supplementation.
It was reported that low oral doses (<20g) of arginine are well tolerated and adverse effects are rare in healthy subjects [41] and we did not observe any side effects in our study.
Since this is the first study to our knowledge that has addressed the effects of arginine supplementation on plasma amino acid profile before and after exhaustive exercise, it is not possible to directly compare the results to other studies. There are many variables that can affect the performance and it is not possible to say that arginine supplementation will improve performance with this study. Overall, this research only suggests that arginine supplementation can promote a metabolic profile that could be favorable for performance, however further investigation is necessary to determine the effects of arginine supplementation during different types of exercise and performance testing regimens.
